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BEPOATHOCTHbBIN METOJ PACYETA HAJE)XHOCTH
H30JIAIHH BCbBINTHBIX OBMOTOK ACHHXPOHHBIX
N BHUTATEJIEH

10. II. IOXOJIKOB, 3. K. CTPEJIbBHIIKHH

{IlpefcraBiieHa Hay4HbIM CEMMHapPoM KadeRp 2JIEKTPHUYECKHX MalllHH
: A o0lLIelt 9JIeKTPOTEeXHHKH )

HaaexXHoCTb 3AeKTPHYECKHX MAlUHH OOINeNnpOMBHIIEHHOTO NPHMeHeHHs
onpenessieTcss B OCHOBHOM HAAEKHOCTbIO H304a1uH HX 0OMOTOK. IIpuunHbi
OTKa30B U3O0JALHI 3JeKTPHUECKUX MAIUHH B HAcCTOsflllee BpeMs H3y4arwTcsd
B CCCP u 3a pybexom [1, 2]. OcHOBHOI NPHYHHOH OTKa30B HH3KOBOJILT-
HBIX JIEKTPHYECKNX MaWIWH 5ABJSETCS HaJUude CKBO3HHIX Ne(EKTOB B BHTKO-
BOH u KopuycHo# nzonsinuu [3]. CxBo3Hble TedeKThl H30JALHH, NPEACTaBas-
e co60l NPOKOJbI, NOpesdb:, TPelluHbl, MOFyT NOSBHUTLCS KaK B Npouecce
H3TOTOBJIEHHS CaMUX H30JSLHOHHBIX MaTePHaJOB U [NPOBOJAOB, TAK H B TMPO-
lecce M3TOTOBJEHHS MM IKCIAVATAlUH MaLIUHBIL.

BrisiBnenne ned@extop B Tmpolecce KOUNYaTaUHd MallHHBI INPOHUCXOLHUT
An6o HMOYJILCAMH KOMMVTAUMOHHBIX IepeHanpsxeHnHH, au6o pabouum Ha-
NpsiKeHHeM B caydae, ecad OOMOTKa CHJBHO YBJaXKHeHa WAH 3arps3HeHa.

Oueska AeheKTHOCTH H30Js1HY H NapaMeTpoB pacupeseseHds NpodHB-
HOrO HanpsKeHHsa HedeKTHBIX MeCT, a TaKxe OlleHKa YPOBHA KOMMYTAalHOH-
HbIX TepeHanpsaXeHUi MO3BOJASET NPOH3BECTH pacueT HaJeKHOCTH H30J-
HuH 0OMOTOK.

B ToMckom nOJHTEXHHUECKOM HHCTHTYTe pa3paboTaHa MeTOIHKA pac-
yeta HAN@KHOCTH H30JSHHMH BCHIMHBIX OOMOTOK ACHHXPOHHBIX JBUTaTe/]ed
B mepuon npupabotku [4]. DKcnepuMeHTasbHas pOBepka METOLHKH 4 OC-
HOBHBEIE PA0OTH N0 BHEAPEHHIO ee B TNPAKTHKY KOHCTPYKTOPCKHX OKROpO H
HIEKTPOMAIIHHOCTPOUTEIBHBIX TIPeANPUATHI OBITH NMPOBEAEHbl HHKEHEpaMH
CKB 3asoga «Cutsnexrpovorop» Ifrynenom JI. K., ®enoposBeiM B. M,
MpiikosbiM U, E.

B nacrosmee Bpema 8 CCCP 3JeXTpoMallHHOCTPOUTEbHBIE TPCANPH-
ATHSA HCIOMb3YIOT 3Ty METOIHKY JIsI OLLeHKH TapaHTHPOBaHHOH HaleXHOCTH
M30J51UHH OOMOTOK B NepHOJ 1pHpabOTKH.

Pacuer HaleXHOCTHM BUTKOBOJ M30J5LKHHM BCbITHbIX 00MOTOK
ACHHXPOHHbIX JABHratenei

JedheKTHOCTh H30JSIUUH NPOBOJLA ONPeAeJdeTCa MO pe3yabTaTaM HCIbI-
TaHMA TIPOBOJAA Ha 1pOGOIl mepeMeHHBIM HampsixkenueMm. HcnwitTanusam nos-
Bepratoress 150—250 obpasuos nposoja, M3BJEUEHHOr0 H3 Na30B MALIMHBI
nocje YKAankH o6Motok (zo nponutkH). IIpo6o# u3oaANMMHd NPH HCTIBITAHH-
94X MPOUCXOIMT MeKAy MeTajJOM MNpOBOAa H INIOCKHM ' MeTajJIHYeCKUM
yrektporom. auna o6pasua nposona 50—100 mm.
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Jle(peKTHOCTb H3OJALHMHK ( ONpejessieM Kak A0Ji0 o0pasuoB MNpOBOAa,
HMEIOUIUX CKBO3Hble dedeKTh
n
U] + 30’1
qQ=— " (1)
20
=1
rne
ny;+3 oy — 4HCJ0 0Opa3nCB NPOBOAA, TIPOGHTHIX HANPSKCHHEM HE
Boitre U;+3 o04;

U o, — COOTBETCTBEHHO CpeJHee 3HaueHUe U CPeIHeKBaLpaTH-
’ Yyeckoe OTKJAOHeHHe TIPOOUBHOTO HATIPSI:KEeHUs TMPOBOAA,
UMEOUIEro ABHBIA CKBO3HOH AedexT.
STH mapaMeTpbl OMpefessioTcsl NPH npoboe NPOBOJAOB C HCKYCCTBEHHO I10-
BPeK/IeHHOH U305 LMeH.

1
>, n; — obilee YHCIO HONBITAHHBIX 06Pa3IOB.
i .
ITepeiizeM K AeEKTHOCTH 3JEMEHTAPHOIO ydyacTKa H30JSUHH OAHHOY-
HOTO TPOBOJA.
Panuyc sieMeHTapHOro yyacTka M30Jasnud (O) OmpejendM, HCXOAs H3
MaKCHMAJbHOTO HalpPs:KeHHS Ae(EKTHOTO MecTa M 3JEKTPHUECKOH mpOuHO-

CTH BO3JyXa B MecCTe Jedekra ¢ yueTOM HePeKpbITHS IO TOBEPXHOCTH (Es)
3 o)
5 U +391 )
Eg

Hucao aJieMeHTapHbIX YYacTKOB (n) Ha IJIOLLAJH H30JAUHH, XapaKTepHsy-
emoii AedekTHOCTBIO (q), 0603HAUMM yepe3 n

dns'loép'k : 3
N = ———, (3)
rie
dyy — AHAMCTP H30JHPOBAHHOrO MPOBOJA;
logp — ATHHA HCOBITBIBaeMoro ofpasua NpoBOAd;
k — K03 GHUIHEHT, YUHTBIBAIOUIUI MJIOHIA b HCIOBITBIBAEMOH
H3OJISIIIHH. 4
Hasa nposopos auamerpoM dy;<<0,95 mm k=1, nasg nposonos du;>0,95 sm
0.95
k = d .Cunras, uyto CKBO3HOE MOBpeKICHUE H30JALHH o0pa3ua IpoBo-
U3

fAa ectb coOBITHE pEAKoe, MPUHHMAaeM paclpefencHue AedexkToB 10 LJHHE
tipoBoja, NOoAuUUHSMOUWeecss 3akony Ilyaccona [5]

l"—q:e“-a7 (4)

rae
a — cpeaHee YHCJIO0 MOBPEXKACHHH H30JA1IMH HA HCMBITLIBAEMON TILIOwIa-
o1 o6pasuna NpoOBOAA.
Torpa BepOSATHOCTL NMOBPeXKAeHHS 3JIeMEHTAapPHOrO yyacTKa H3OJsAIHH
OJIMHOYMHOro nposoga P onpepenutcs cjedyrolluM o0pa3om:

a
P =i (5)
BepoaTHocTh coBnafienus Je@EKTHbIX 3JCMEHTAPHbIX YYaCTKOB H30J4-
I4H B JIBYX PALOM JeXKallux TNPOBOAHHKAX, COMJIACHO TeopeMe YMHOMXKEHHs
BeposiTHOcTed, 6yner paBHa P2 [Ipo6oii Mexay ABYMSs, IJIOTHO KacaroU(HMH-
csl, TPOBOAHMKAMH C COBNAAAOIINMH JAe(eKTaMH IPOM3OHAET C BepOsITHO-
erbio (q')
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q':PzP(_—__—U“ U |, (6)

Og J

rjae F(U o Uz) — (YHKOHS HOPMAaJbHOIO paclHpefc/eHUsA IMPOOUEHOrO
92

HanpAKeHUsT H30JAIUUY mapbl MJAOTHO KacaloUiiXCs
NOBPEXKAEHHBIX NPOBOAHHKOB € COBIAJNAIOIIMMHK Te-
(exTamy;

tlg ¥ gp — COOTBETCTBEHHO CpeAHee 3HAUYGHHE W CpelLHEKBaIpaTH-
yecKoe OTKJIOHEHHe MpPOOUBHOrO HalpsAXKeHUS Tapbi
[OBpEeXIEHHBIX TIPOBOJHUKOB € COBMIATAIOMHMY  Je-
dexramu;

Up H G — CHPEAESIOTCS 3KCIEePHMEHTANbHO Ha HCKYCCTBEHHO
TMOBPEXAeHHBIX MPOBOJHUKAX.
YuuteiBas, yTo B Nasy MalIMHBl MeXIY MPOBOAHHUKAMH HMEIOTCS PacCTod-
HHsI, pacrpelesenHble MO TOKa3aTeNbHOMY 3aKOHY, HalpsiXKeHHe IO (ase
pacnpeleNeHo JHHEeHHO, a TIPOBOJAHHMKH PABHOMEPHO HepeMellaHbl, 3aluileM
BBIpaKeHHe 1A OILCHKH BEPOATHOCTH Npobost 3JeMeHTapHOro yuacTKa Ma-
pbl IIPOBOAHUKOB (Qyn) B Ta3y MAalIHHBI

Uk / N
oo U—U. U -
I D ( L~ g, ) dU, (7)
0 . J9
rjae
) — mapaMeTp NOKa3aTeJbHOr0 3aKOHA pachpejenenus NPOOHBHOTO Ha-
NpAXKCHHS Me}KILy OpOBOAHHUKAMHA B a3y MalUuHHbIL.

[lapamerp A ompeneasercs HCXolsi U3 KkKO3QhUUMEHTZ 3amMoJHEHHs [asa

(ks), cpenneii sneKTpHUIECKOH TPOYHOCTH NMpomHThIBalowero cocrasa (En) u
cpenHel Ao o6beMa TPONHTBIBAIOLIET'0 COCTZBA B INPOMEXKYTKE MEXKITY

ITPOBOIJHHKAMH Vg

o S (72)

b

)75 l/ ™ CHGHB) 'En'”n

(iens — AMAMETP HEH30JHPOBAHHOIO HPOBOAA,
Uy — HaNpsKCHHE ¢ y9eTOM KOMMYTALHOHHEIX MepeHaNnpsAKenuH, npu-
Xozsieecss Ha OTAEAbHYIO H30JHPOBAHHYIO KaTYIIKy (assl.
YpoBenb aMIJUTY] HMIYJbCOB KOMMYTALHOHHBIX HepeHaNpAXKeHHi, MpHXO-
J9UIHX Ha OGMOTKY C BEpPOSITHOCTBIO, GJM3KOH K 1, yBeJuunBaeTcsi ¢ yBe/Iu-
yeHUEM UYHCJAa BRIAOUEHHH v H, CAeL0BATENbHO, BpeMeHH paboThl MAIlUHHLL T.
fipumeuvanue. [Ipy HOpMAJALHBIX YCJAOBUAX PaObOTbl MallHHBI BpeMs
B JIAHHOM pacyere Moxker OblTb B3siTO He Gosee 5G00
4aCoB.
3aBHCHMOCTL AMIUIHTYJ KOMMYTAallHOHHBIX lepeHanpsAxeHH Ha (ase
oGyvoTkH aBuratessi Uy OT 4ncia BKAIOUEHHH MAIUHHBL v MOXeT ObITb OueHe-
Ha no opMyJe, IOJYUCHHOH B pe3yabTare 00pabOTKH SKCIEePHMEHTa bHBIX
TaHHBIX

S

@225Up—0,7 _ (8)

Beanunna Uy 3aBUCHT OT uHcsa OTAENBHO M30JHPOBAHHBIX KaTYLIEK B gase
Ng H, CAELOBATENbHO, OT THIA OOMOTKH MallHHBI

_ Yo (9)

B cpasu ¢ 3TuM BhipaxKenue (7) maeT BO3MOMKHOCTL OLEHHUTH BEPOSITHOCTD
npo6osi JEMEHTAPHOTO y4yacTKa H30MAUHU Ha ONpelesieHHEll OTPe30K Bpe-
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MenH. [lTocaenHee OOCTOSITENBCTBO TIO3BUJISIET pacCyuTarr H BEPOATHOCTh

6e30TKa3HOH Pa6oThl BUTKOBOH H30JIALMH OOMOTKH 32 ONpPefleleHHOe Bpems,
T. e. HAIEXHOCTb Rpurx

Rpurk = (1 — @5V, (10)
rie

N — unucjo 37€MeHTapPHBIX YYaCTKOB BHTKOBOM H3O0JSIMH BO BCel 00-
MOTKe MallHHbI,

T. ‘
N = n (Syap + 1,5Spy — 1,5) 7 - Z, (11)
obp
Suap M Spx — COOTBETCTBEHHO YHCJIO NIPOBOLHHKOB B HaPYXKHOM H BO
BHYTPEHHHX CJI0AX 0OMOTKH B Nasy;

lw — CpelHsst AJMHA BHTKA OOMOTKH,
Z — 4HCJI0 Ta30B CTaTopa.

Pacyer HaaeXHOCTH KOPNYCHOH H30JSUHH OGMOTOK
aCHHXDOHHBIX JBUratelei

[Ipu pacueTe HaJeXHOCTH KOPNYCHOH H30JAIUH OOMOTOK  H3OJSIHS
NPEACTaBASIETC B BHJE Psijla TOCJeL0BATENbHO COSIAHHEOHHHIX KOHJEeHCATO-
poB. McxonHBIMU NaHHBIMH K pacueTy SIBJASIOTCA paclpeneseHus NMpoOUBHBIX
HaNpPsOK@HHH OTAeNbHBIX CJI0€B H30JSIHOHHBIX MaTepHajioB, I[I0JyYyeHHBIE
IKCIIEPUMEHTAJIbHO TIOC/e YKAAAKH OOMOTKH (0 MPOTUTKH) H YPOBEHb KOM-
MYTalMOHHbIX NepeHanpsiKeHHH. McnbiTaHuo Toxsepraiorcss o6pasubl KOp-
AyCHOH H30JfAIHYU, OCTOPOKHO H3BJeueHHBle W3 IMa30B cratopa. McnbiTaHus
UPOBOJATCS HEpPeMeHHBIM HAlpsKeHHWeM B 3JEKTPOAAX THUTlA «HUIVIA-ILJIO-
CKOCTb». 3a IUIOLIAJb 3JEMEeHTapHOrO0 ydacTKa H30JSHUH, 1Jd KOTOPOro B
NepByio Ouepedb onpejessercs BepPOSTHOCTL Npo6odA, NpHHHUMaeM NJa0IUalb
MJI0CKOro 3JIEKTPOJA, UCIOAb3yeMOoTo npu HcibitTanusax (78,5 mm?). Beposar-
HOCT, TIPoGOs 3J€MEHTapHOro yuacrka ABYXcaoHHOo# usoasunu P(AB) co
caossmu A v B ompenensiem ciaelyiomum 06pa3om:

P(AB)=P(A)P,(B)+P(B)Ps(A)—P(A)P(B), (12)
rie
A)[P(B)] — COOTBETCTBEHHO BEPOATHOCTH ;np06osa crosi A, B npu
HenpobGutom ciaoe B, A;
Ps(A)PA(B) — cOOTBeTCTBEHHO BEPOSTHOCTH npo‘éoﬂ caoes A, B npn
npo6UThIX cnosx B, A.

BepositHocTs Npo60si 37eMEeHTapHOTO Y4acTKa TPeXCHONHON H301ALMH
P (ABC)

P(ABC) =P (AB)-Pap(C) +P(AC) -Pac(B) -+
1+ P(BC) -Ppc(A)—P(A) -PA(B)-P4(C)—
—P(B)Pg(A)Ps(C)—P(C)Pc(A)Pc(B) +P(A)P(B)P(C).  (13)

O6o3Hayenud Mo CMBICAY COOTBETCTBYIOT ofo3HaueHusM B dopmyne (12).

MpuMmeuvanue. BepoATHOCTh Npo6OA UETHIPEX- H NATHCJIOHHBIX KOM-
[O3UIIMH USOJAIHH Onperensiiorca 1o dopmyaam,
anajornuneiM popmyaam (12), (13).

BeposiTHOCTH TpoGos OTJAEAbHBIX CJOEB H3OJSAIMOHHBIX ~ MaTepHasoB
IPH PA3JHUYHBIX COUETAHHUSIX MPOOUTBIX M HEIPOOHUTHIX CA0€B B KOMIO3HIIHH
ONpeleJsaIoTCs MO 3KCIePHMEeHTaJbHBIM pacupeleseHHsM NpoOUBHOro Ha-
NIPSIKEHUST C YUETOM TOSIBJEHHS ONPeLeJeHHOR aMIIHTYAbl KOMMYTAllHOHHO-
ro TepeHanpsiKeHHst U pacupejie/leHHs] HalpAXKeHUs] [0 CJIOAM H3OASUHU B
COOTBETCTBHH ¢ HX AMIEKTPHYESCKUMHY MPOHHIACMOCTAMH H TOJIIMHAMHU.

Tak, Hanpumep, BEpPOATHOCTL NMPOOOS 3JEMEHTAPHOTO yyacTKa JA1000T0
i-ro cJIoS M30JALMH NPH APYTHX HENPOOHTHIX CAOAX KOMIO3WIHK M3 1 CJ0-
es onpepensiercs npu Hanpsikeaun U (i)
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u(i) = - — (14)

re
Uy —amMnautyga KOMMYTAUHOHHOIO [epeHanpPsi:KeHUs, MPHXOLSLIEr0
Ha a3y oOMOTKH 3a ONpeesieHHOe YHC/A0 BKIIOUYEHHN WJIH BpeMs
paGoTbl MamuHbl (cM. popmyay (8));
di—— TosqlMHA i-TO CJ0SA H3O0JSLUH;
g; — AU3JIEKTPHUECKAS TIPOHHIIAeMOCTb i-T0O CJOST M30JSLHH.

[lpu pacyere HanpsizKeHHsI, NPHXOASAIIErOCs Ha OT/AENbHBIH CJAOH U30J-
UMK HPH NPOGHTOM OJHOM HJIH HECKOJNbKHUX CJ0SX, &€ NPOBHTHIX CI0EB HpH-
paBHiIBAaeTCc K ©AHHHMUE, a TOJINHHA — K HYJ0. HagexHocTs KOpHycHOI
U305t un 00MOTKH ABUTATENST (Ryopr)

SKopn

Ryopn = [1 ~— Pgy] K50, (15)

rae
P,: = P(AB) uaun P(ABC) uau P (ABCH) u 1. 1. — B 3a-
BHCHMOCTH OT YHCJa CJOEB, H3 KOTOPOro COCTOHT KOp-
nycHast H30JsLHS;
Siiopn — HOJHAA TACHIAAbL KODPIHYCHOH H30J4IMH OOMOTKH Ma-
LIKHDI;
S,7 — nJolIaAb 3JeMEHTAPHOrO Y4acTKa;
K" — xo3¢dpuumeHT, YUNTHIBAIOMIMN A0/10 [J0UIaAH KOpyc-
HO¥ H30JISILMH, HAXOJSILYIOCS IOJ HaNpsiKeHHeMm, 10-
CTATOYHBIM NSl BbISIBJEHUS Ae(PEKTOB.

Pacuer nagexHoctn Mexaydasznoi usoasaunua (Rwg) npousBoautcs
daHAJOTHYHO PAaCYeTy HaAeKHOCTH KODIYCHOH H3oasunuu. Hagexuocts Beeit
H30/ASLHY BCBIMHON OOMOTKH aCHHXPOHHOIO JBHraTess ONpeIe]uTcsa B 3TOM
cnydae cJAeAVIOWHUM oOpasoM:

RI/IB‘ oM — RBHTK - R}mpn ’ Rmb- ( 16)

Jlauusiii pacuer HaJeXHOCTH YUHTBIBAET TOJbLKO TEXHOJOTHUECKHE AedeKThl
M CTpaBEAJHB NPH TAKOM BpeMeHH paboThl MALIMHbI, B TeUeHHe KOTOPOTO He
NPOHCXOTIUT MHTEHCHBHOTO TEIJIOBOTO CTAPEHHMT H3OJASANMH, MPHUBOAALIEIO K
NOSIBICHHUIO HOBBIX Te(eKTOB.

JlanHbple 3KCIEPHUMEHTOB MO HCC/ACNOBAHHIO CTaPeHHs H30MSIHH HH3KO-
BOJIbTHBIX MAIUHH HOJ BO3XEHCTBHEM IKCIJIYaTAaLHOHHBIX (aKTOPOB CBHIE-
TEJLCTBYET O TOM, YTO 3TO BPeMsi COCTABJSET OKOJO O ThICAY 4acCOB.

OublTHAs [pOBepKa pe3yabTaTOB pacueTa [0 METOLHKe, NpOBeJeHHas
na 100 geuratensix tuna A02-32-4, nokasaja yAOBJETBOPUTEAbHOE COTJACHE
pacusTHBIX H KCNEPHMEHTaJ bHBIX JaHHbIX.

B ra6.s. 1 npuBeleHbl Pe3yJabTaTbl PACUETOB U IKCIEPHMEHTA.

Tatnuiya 1
Jlanuble
HapgemxHocTb —_—
JKCIEPH-

BHJA U30JAUUH l MEHT pacyer
BuTKOBOH 0,93 0,921
HopnycHoi 0,99 0,985
MemcnydasHoi 0,98 0,987
Hszoadnun oOOMOTHH 0,902 0,895
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Mpumeuanue. Pacuer mpoBoAHJCH [ANA YHCJIA BHAKUYEHHH 75 ThIC. JHCIe-
PUMEHT IJHJCA 3 ThIC. YacoB NpH pabodeli Temmeparype H
YacTOTe peBepcHpOBaHHA 25 pepepc. B 4ac.

Pacuer HaZeKHOCTH H3OAAIHH OOMOTOK € YYETOM CTapeHHsI MOXKeT
ObiTh NPOBELEH [I0 TpejiaraeMOil MeToJHKe TIPH YCIOBHH, 4TO OyIeT H3BeCT-
Ha 3aBUCUMOCTb A€(PEKTHOCTH, U3OJSAIHU OT YPOBHS BO3MeHCTBYIOIIHX (haK-
TOPOB H JAJHTEJbHOCTH HUX BO3AeHCTBHS.

BbiB O b

1. [Ipepsoxkena MeTOAMKA pacyeTa HANEKHOCTH H30MFLHMH BCLIMIBIX
006MOTOK ACHHXPOHHBIX JIBHratesell OOLIENPOMBIILIEHHOTO fpUMeHeHHs B
nepuoa NpupaboOTKH ¥ HOPMAJbHOH 3KCOJAYaTallHH, YUMTBIBAIOLIAs TEXHOJIO0-
THYecKHe, KOHCTPYKTHBHBIE H KCHJAYaTaUHOHHBIE (haKTOPHI.

2. Jlnis HCHONb30OBaHHs METOAMKH pacuera HAIEKHOCTH H30AAUHH 00-
MOTOK MallkH 3a MePHON, Korja NPOUCXOTUT MHTCHCHBHOE CTapeHHe H30J-
11, HeoGXOAMMO HCCAeN0BaTbh YC/A0BHS paGoThl M301AUHH B OOMOTKax H
CKOopocTh 06pas3oBaHMsi Ae(eKTOB B H3OMAINHH 10J BO3JACHCTBHEM 3THX YC-
JIOBHH.
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